Abstract The crustose lichen genus Pertusaria comprises over ca. 800 species worldwide. In total, 20 Pertusaria species were localized to the Mt. Sorak and Jeju-do in Korea. To date, information regarding the distribution of Pertusaria species in the South Korean peninsula is scarce. In this study, we collected Pertusaria species across South Korea and identified them based on morphological, chemical, and molecular characteristics. Of the 387 samples collected, we identified 24 taxa and 1 variety, of which 17 were previously recorded, and 6 taxa were newly found in South Korea (P. leioplaca, P. leucosora var. violascens, P. texana, P. thiospoda, P. thwaitesii, and P. xanthodes), 2 known species were transferred to Varicellaria (Varicellaria lactea and V. velata), one species was transferred to Variolaria as a new record (Variolaria multipunctoides) and one was a new species (P. jogyeensis J. S. Park & J.-S. Hur, sp. nov.). Characteristics of the newly discovered species, P. jogyeensis, are as follows: smooth to bumpy thallus, scattered to crowded poriform apothecia, blackish ostioles, definitely sunken, thin yellowish green rims around ostioles, 8-spored ascus, and the presence of perlatolic acid and thiophaninic acid (chlorinated xanthone). Phylogenetic studies on P. jogyeensis based on the mitochondrial small subunit sequence revealed proximity to P. flavicans and P. texana, and supported its classification as a new species within the genus Pertusaria. Additionally, we describe the chemical composition and morphology of all listed species in detail and provide an artificial key for identification.
The lichen genus Pertusaria is distributed worldwide from the poles to the tropics. Although over 800 species belong to the genus Pertusaria [1] , several undiscovered species likely exist. Pertusaria species are differentiated by several morphological characteristics, including the presence of isidia or soredia, shape of apothecia (poriform or disciform), the number of ascospores within an ascus, and the presence of single or double-walled ascospores with smooth or rough inner wall. In addition, secondary metabolite profiles are also crucial in determining Pertusaria species [2] .
The genus Pertusaria is divided into three subgenera according to Archer's classification [2] [3] [4] , namely, Pertusaria (chloroxanthones and C 3 -C 7 orcinol depsides), Pionospora (chloroxanthones, 6-O-methylnorlichexanthones with variolaric or gyrophoric acid), and Monomurata (C 1 orcinol depsides, C 3 -C 7 depsones or β-orcinol depsidones) that are differentiated based on lichen compounds and different forms of apothecia (disciform in Monomurata, poriform in Pertusaria, and both forms in Pionospora) [2] . Based on Archer's classification, phylogenetic analysis performed by Lumbsch and Schmitt [5] using the nuclear large subunit DNA (nuLSU) revealed that the genus Pertusaria is polyphyletic, and are separated into two clades, while Monomurata is separated from Pertusaria and Pionospora. In addition, the results also indicate agreement between phylogenetic classification, and classification based on some morphological characters (apothecia type, number of ascospore walls, and ascus type), and chemical production profile (chlorinated xanthone) [5] .
Schmitt and Lumbsch [6] conducted further molecular and Variolaria (V. multipunctoides) [12, 14] . P. coreana has been also suggested to be synonymous with P. astomoides based on its morphological and chemical characteristics [22] . In this study, lichen specimens belonging to the genus Pertusaria were collected throughout the South Korean peninsula, including various mountains and islands. The collected specimens were identified by morphological, chemical, and molecular analyses. Based on the recent identification, we divided them into three subgenera, Pertusaria s. str., Variolaria, and Varicellaria. We identified six species previously unknown in Korea and one new species, P. jogyeensis J. S. Park & J.-S. Hur, sp. nov. Here, we describe an artificial key of Korean Pertusaria and allied species based on previous and current studies, and include detailed descriptions.
MATERIALS AND METHODS
Morphological examination. The specimens have been deposited at the Korea National Arboretum (KH). The morphological and anatomical characteristics of the specimens were observed using a stereo microscope (SMZ-645; Nikon, Tokyo, Japan) and compound microscope (BX-50; Olympus, Tokyo, Japan). All specimens were examined to characterize the thallus shape, ascomata structure, color, and size. A spot test was performed on the thallus, medulla, and soredia, and the color reaction was observed under a compound microscope. Thin layer chromatography (TLC) was performed in solvent system A (toluene : dioxane : acetic acid = 180 : 45 : 5), B (hexane : methyl tert-butyl ether : formic acid = 140 : 72 : 18), and C (toluene : acetic acid = 85 : 15) [28] .
DNA extraction and amplification of ITS region and mtSSU. ITS region and mtSSU were sequenced to identify the specimens. Lichen materials were ground briefly using a Mini Beadbeater-16 (3450 RPM, 115 V, 10 A; Biospec Products, Bartlesville, OK, USA). DNA was extracted from the ground samples using the DNeasy Plant Mini Kit (Qiagen, Hilden, Germany). The amplified DNA was concentrated and purified using a PCR Quick-spin PCR Product Purification Kit (INTRON Biotechnology, Inc., Seongnam, Korea). PCR was performed in a total volume of 20 mL using a PCR premix (Bioneer, Daejeon, Korea). The ITS regions (ITS1-5.8S-ITS2) and mtSSU were amplified using primers ITS1F (5'-CTTGGTCATTTACAGGAAGTAA-3') [29] and ITS4 (5'-ATTTGAGCTCTTCCCGCTTCA-3') [30] , and mtSSU1 (5'-AGCAGTGAGGAATATTGGTC-3') and mtSSU3R (5'-ATGTGGCACGTCTATAGCCC-3') [31] . For amplification of the mtSSU sequence, we designed two primer pairs: mtSSU_PC1_F (5'-GGTCAATAGCCTAACGGC-3') and mtSSU_PC1_R (5'-CCCACA ATATTCAGGCCATG-3') for the Pertusaria s. str. group, and mtSSU_PC2_F (5'-GCCTAACGGCTGAACC-3') and mtSSU_PC2_R (5'-GTCCCTCTTATCACATTCCAA-3') for the Variolaria group.
272 Park et al. Phylogenetic analysis. The sequences obtained from each sample were aligned to selected sequences of Pertusaria species obtained from GenBank, and the sequences obtained from Trapelia coarctata (AY212874) were used as the outgroup. Aligned sequences were assembled separately in BIOEDIT 7.0.9 [32] and the sequences were aligned using Clustal W ver. 1.83 [33] . Phylogenetic analysis was performed using the maximum parsimony (MP) method on MEGA ver. 6.0 [34] . The reliability of the inferred tree was tested by 1,000 bootstrap replications. [35] , and the Chinese identification keys developed by Zhao et al. [36] . Pertusaria species were identified based on the presence or the absence of four lichen compound classes such as xanthone, orcinol depside, depsone, and β-orcinol depsidone. In the spot test and TLC analysis, we found seven different chemicals from the 387 specimens: two xanthones (4,5-dichlorolichexanthone and thiophaninic acid), one orcinol depside (perlatolic acid), one depsone (picrolichenic acid), and three β-orcinol depsidones (stictic acid, norstictic acid, and protocetraric acid).
RESULTS AND DISCUSSION
Among the 25 species identified in this study, 17 taxa (367 out of 387 specimens, 94.8%) were previously recorded in Korea: P. amara (Marfloraea amara), P. astomoides, P. commutata, P. composita, P. flavicans, P. laeviganda, P. leucosora, P. multipuncta, P. pertusa, P. quartans, P. stenostoma, P. subfallens, P. sublaeviganda, P. submultipuncta, and P. subobductans, Varicellaria lactea, and V. velata. Six species and one allied (17 of 387 specimens, 4.4%) specimens were newly found in South Korea: P. leioplaca, P. leucosora var. violascens, P. texana, P. thiospoda, P. thwaitesii, P. xanthodes, and Variolaria multipunctoides. One new species (3 of 387 specimens, 0.8%) was discovered and named as P. jogyeensis J. S. Park & J.-S. Hur, sp. nov.
Within the genus Pertusaria and allied taxa, P. multipuncta was the most common species in Korea with 23.5% occurrence (91 specimens) (Fig. 1A) . This species was distributed in various altitudes from the Mt. Odae (1,400 m) to coastal areas. P. multipuncta is also one of the most common species in Japan [35] . Fifty-four specimens (14%) of P. subobductans were collected (Fig. 1B) . This species is abundantly distributed from the sea-level to high mountains in Japan and Taiwan [35] . Forty-three specimens of P. amara (11.1%) (Fig. 1C) , 39 specimens (10.1%) of P. flavicans (Fig. 1D ), 30 specimens (7.8%) of P. astomoides (Fig. 1E) , and 30 specimens (7.8%) of P. quartans (Fig. 1F) were collected. P. flavicans and P. astomoides were mainly distributed on the islands and in the coastal areas. Twenty-seven specimens (7%) of P. subfallens (Fig. 1G ) and 21 specimens (5.4%) of P. laeviganda were collected (Fig. 1H) .
Thirteen species appeared to be rare in Korea. Seven specimens of P. submultipuncta (1.8%) (Fig. 1I ), 6 specimens of P. thiospoda (1.6%) (Fig. 1J ), 5 specimens of P. stenostoma (1.3%) (Fig. 1K ), 3 specimens of P. commutata (0.8%) (Fig. 1L ), 3 specimens of P. leucosora (0.8%) (Fig. 1M ), 3 specimens of P. sublaeviganda (0.8%) (Fig. 1N ), 3 specimens of P. texana (0.8%) (Fig. 1O ), 3 specimens of P. xanthodes (0.8%) (Fig.  1P ), 2 specimens of P. thwaitesii (0.5%) (Fig. 1Q ), 1 specimen of P. composita (0.3%) (Fig. 1R ), 1 specimen of P. leioplaca (0.3%) (Fig. 1S ), 1 specimen of P. leucosora var. violascens (0.3%) (Fig. 1T ), 1 specimen of P. pertusa (0.3%) (Fig. 1U) were collected. Three specimens (0.87%) of P. jogyeensis (Fig. 1V) were classified as new species, and were collected only from Mt. Jogye. Among the Varicellaria group, 8 specimens of V. velata (Fig. 1W ) and one specimen of V. lactea (Fig. 1X) were collected. Among the Variolaria group, only one specimen of V. multipunctoides (Fig. 1Y ) was collected in Jeju-do.
Phylogenetic analysis of the MP tree based on mtSSU.
To clarify the phylogenetic status of the putative new species of P. jogyeensis, we analyzed the mtSSU and ITS sequences. To date, phylogenetic studies using ITS sequences have been rarely conducted for the genus Pertusaria. We obtained ITS sequences from 12 Pertusaria species, including P. jogyeensis, and deposited them in GenBank. The combined length of the entire ITS1, 5.8S, and ITS2 regions range from 443 to 595 bp. All the deposited ITS sequences are listed in Table 1 . BLAST search revealed that the ITS sequence from P. jogyeensis did not match with any of the ITS sequences previously deposited for other members of the genus Pertusaria in GenBank, supporting the idea that P. jogyeensis could be a new species.
We also deposited mtSSU sequences from 11 Pertusaria species (P. amara, P. astomoides, P. flavicans, P. jogyeensis, P. laeviganda, P. multipuncta, P. quartans, P. subobductans, P. texana, P. thiospoda, and P. xanthodes). All the mtSSU sequences obtained in this study are listed in Table 1 . Unfortunately, we were unable to obtain representative sequences for all 25 Pertusaria species identified. Several factors may have affected PCR amplification: (1) use of non-specific primers, (2) presence of lichen polysaccharides, and (3) low quantity of template DNA. Indeed, when we used primer pairs designed by us based on specific sequences, mtSSU_PC1_F & mtSSU_PC1_R, and mtSSU_PC2_F & mtSSU_PC2_R, we successfully obtained mtSSU DNA sequences from 6 species (P. astomoides, P. flavicans, P. laeviganda, P. quartans, P. subobductans, and P. jogyeensis) using mtSSU_PC1_F & mtSSU_PC1_R, and two more species (P. amara and P. multipuncta) using mtSSU_PC2_F & mtSSU_PC2_R primers.
The alignment of the mtSSU included 846 unambiguously aligned nucleotide positions, 381 of which were conserved and 456 were variable. The MP tree is shown in Fig. 2 
Etymology:
The species epithet refers to the place of origin, Mt. Jogye. Note: P. jogyeensis is characterized by thick and bumpy thallus; convex verrucae with black ostioles; having thin yellowish green rims around ostioles; ascospores 8 per ascus, uniseriate. Chemical analysis revealed that P. jogyeensis contains thiophaninic acid and perlatolic acid. Although over 47 Pertusaria species have eight-spored ascus, the combination of uniseriate ascospores and the production of thiophaninic acid and perlatolic acid has been found only in P. injuneana to date [1] .
However, P. injuneana and P. jogyeensis differ greatly in their morphology. For example, (1) thallus form: bumpy type in P. jogyeensis; areolate and minutely tuberculate in P. injuneana; (2) poriform: confluent verrucae in P. jogyeensis; solitary verrucae in P. injuneana; (3) ostioles: flattened, blackish, and conspicuous ostioles in P. jogyeensis; mammiform in P. injuneana; (4) chemicals: both thiophaninic and perlatolic acids produced as major compounds in P. jogyeensis; only perlatolic acid produced as a major compound and thiophaninic acids as a minor compound in P. injuneana. Pertusaria lignicola Malme, a similar species from South America has greenish gray smooth thallus and produces thiophaninic, stictic, and protocetraric acid. Pertusaria jogyeensis is closely related to P. flavicans and P. texana The bold letter indicates newly published sequences from Pertusaria species described in this study. mtSSU, mitochondrial small subunit; ITS, internal transcribed spacer. (Fig. 5A) . Morphology: Thallus determinate, thin; surface greenish gray, smooth, even to somewhat roughened, weakly cracked, thallus margin definite, little zonated, yellowish brown. Apothecia poriform, concolorous with thallus, not constricted at the base, convex, hemispherical, 0.5-0.6 mm diameter, 0.3-0.5 mm high, small, often flat-topped, solitary, fertile verrucae with 1(-2) apothecia. Ostioles gray to black. Ascospores 4 per ascus, uniseriate, hyaline, ellipsoid, 77.5-105 × 33.8-37.5 μm, and inner wall smooth. Chemistry: Thallus K− or K+ yellowish, C−, P−, UV+ pale orange; medulla K−, C−, KC−, P− or P+ brownish. TLC: 4,5-dichlorolichexanthone, stictic acid (a and b in Fig. 4) . Note: P. leioplaca is characterized by solitary apothecia with 4-spored ascus. P. pertusa also has the same chemical reaction but differs in having verrucae with a constricted base and 2-spored ascus. (Fig. 5B) . Morphology: Thallus thick; surface whitish gray, sorediate, verrucose to rugose, largely cracked, thallus margin conspicuous, flat, slightly zonated, brownish to grayish. Sterile, sorediate at apices, white to grayish white and somewhat pinkish, 0.5-1.2 mm diameter, irregular to globose, convex, round, minute granular to powdery, abundant, confluent. Chemistry: Thallus K−, C−, P−, UV−; medulla K+ purple, C−, P+ yellow; soredia K+ purple, KC+ purple, C−. TLC: unknown 1 (dark green), unknown 2 (purple-brown) (c and d in Fig. 4) . Note: This species is a variety of P. leucosora. P. leucosora var. violascens is characterized by the presence of a more verrucose thallus and purple color with K positive chemical reaction in the medulla. The species has been found only in three localities in Japan, and grows on rocks [35] . Pertusaria texana Müll. Arg., Flora, Regensburg 67: 399 (1884) (Fig. 5C) . Morphology: Thallus determinate, thin; surface yellowish green to whitish gray, flat, smooth to somewhat roughened, weakly cracked, thallus margin distinct, blackish. Apothecia poriform, concolorous with thallus, not constricted at the base, hemispherical, convex, 0.5-1.0 mm diam, small, somewhat rugose to irregular, solitary to confluent in 2-3 verrucae. Ostioles greenish yellow, distinct, even to slightly concave. Ascospores 8 per ascus, biseriate, hyaline, ellipsoid, 70-75 × 25-30 μm, and inner wall smooth. Chemistry: Thallus K−, C−, P−, UV+ orange; medulla K+ yellow, C−, P+ orange red; ostioles K−, KC+ orange, C−. TLC: thiophaninic acid, stictic acid, constictic acid (e and f in Fig. 4) . Note: P. texana is characterized by the presence of thiophaninic acid and yellowish ostioles. This species is similar to P. leioplacella Nyl., but the latter has a uniseriate ascospore form. P. xanthothelia Müll. Arg. has the same characteristic for ostioles, but has been recorded only from East Africa [1] . lichexanthone (trace) (g in Fig. 4) . Note: P. thwaitesii resembles P. pustulata, which also has a rough inner wall, but contains protocetraric acid instead of stictic acid. P. thwaitesii is also similar to P. pertusa but the latter has ascospores with smooth inner wall and prominent black ostioles. Pertusaria xanthodes Müll. Arg., Flora, Regensburg 67: 286 (1884) (Fig. 5F) . Morphology: Thallus determinate, thin; surface smooth to slightly cracked, somewhat rugose, grayish green to yellowish gray, prothallus indistinct. Apothecia poriform, abundant, concolorous with thallus, convex, globose to subglobose, flattened, 0.5-0.9 mm diam., solitary to confluent. Ostioles distinct, pale black to brownish, 0.1-0.2 mm diam., 1-2 ostioles in verruca. Ascospores 2 per ascus, 50-95 × 20-28 μm, ellipsoid, hyaline, double-walled, inner wall rough, 5.0-7.5 μm, having many lateral ribs. Chemistry: Thallus K−, C+ yellow, P−, KC+ bright yellow to orange, UV+ orange; medulla K+ bright yellow, C−, P−. TLC: thiophaninic acid, stictic acid, constictic acid (e and h in Fig. 4) . Note: P. xanthodes is confused with P. pustulata; however, it contains a different chemical, 2-O-methynorlichexanthon. It has pale ostioles but P. pustulata has cracked black ostioles. It is difficult to distinguish this species from P. pustulata without chemical tests. Pertusaria multipunctoides Dibben, Publications in Biology and Geology, Milwaukee Public Museum 5: 59 (1980). Morphology: Thallus definite, thick; surface verrucose, cracked, somewhat shiny, white, thallus margin smooth, grayish green, zonated. Apothecia disciform, 0.5-1.1 mm diam. wide, flattened-hemispherical, whitish brown to pale brown, not constricted at the base, soredia on the disc, margin slightly rolled, solitary to grouped with 2-3 verrucae, abundant, confluent. Ascospores one per ascus, 147.5 × 55 μm, one-celled, single walled. Chemistry: Thallus K+ brownish, C−, P+ orange red, UV−; medulla K+ brownish, C−, P+ orange red; soredia KC−, P+ orange red. TLC: protocetraric acid, furmarprotocetraric acid.
Note: This species has been recorded in North America [38] . It is similar to P. subfallens but differs by having a shiny white thallus, and no papillae. P. sphaerophora is distinguished from V. multipunctoides by medulla K+ yellow turning to a red-violet reaction. 
Description of already published species.
Pertusaria astomoides Nyl., Lich. Jpn.: 51 (1890). Morphology: Thallus definite, 0.1-0.5 mm thick, whitish gray; surface continuous, moderately cracked-areolate, irregular to square-like, 1-1.2 mm thick, thallus margin distinct, unzonated. Apothecia poriform, rare, scattered, concolorous with thallus, 0.5-1.5 mm diam., 2-4 ostioles in each verruca. Ostioles black, same level with surface of verruca. Ascospores 2 per ascus, ellipsoid, 115-150 × 40-50 μm, double-walled, inner wall smooth, pycnidia present, with black ostioles, conspicuous, bacillar pycnoconidia, 5-9 μm long. Chemistry: Thallus and medulla K+ yellow turning red, C−, P+ yellow to orange; UV−. TLC: norstictic acid and connorstictic acid. Note: P. coreana is synonymous with P. astomoides which was reported by Räsänen (1940) [17] . Pycnoconidia are produced in pycnidia and are 7-8 μm in length, similar to that in P. astomoides. In addition, production of norstictic acid was confirmed by Moon et al. [22] . P. astomoides is similar to P. subobductans, but differs by the absence of pycnidia with black ostioles. Morphology: Thallus thick, dark green to grayish green; surface somewhat shiny, smooth, cracked, margin indefinite, thickly covered with white soralia, appearing as small spots, and soon becoming flat or convex. Apothecia disciform, 0.3-0.9 mm diam., pulverulent disc and irregular disc margin, grayish white, pale gray inside the disc, most verrucae solitary or 2-3 are aggregated. Ascospores 1 per ascus, 127.5-135 × 30-37.5 μm, ellipsoid, hyaline, singlewalled. Chemistry: Thallus K−, C−, P−, UV−; medulla K−, C−, KC+ violet-red, P−. TLC: no result. Note: P. commutata is similar to other pulverulent disciform species such as P. amara, P. multipuncta, and P. subfallens.
This species is identical to P. amara in morphology. In detail, soredia is thickly covered with pulverulent disc, similar to that in P. commutata, and the soredia is not granulate. P. amara contains picrolichenic acid and protocetraric acid through medulla KC+ violet chemical reaction. P. commutata has been described differently by researchers. Following Archer's concept [39] , this species has K+ yellow, C−, and P+ yellow reactions with hemathamnolic acid (major), lichexanthone (variable), and thamnolic acid (trace). According to Oshio [35] , this species is synonymous with P. amara, but it was changed to P. commutata due to different verrucae size and chemistry (P+ orange red). However, the chemical reactions described between Nylander's specimen and Oshio's do not match (P−). In the present study, we followed Oshio's concept [35] . Pertusaria composita Zahlbr., Ann. Mycol. 14: 58 (1916). Morphology: Thallus determinate, corticolous, 0.3-0.9 mm thick, gray; surface strongly cracked-areolate. Apothecia disciform, 1.0-1.5 mm diam., 0.3-0.5 mm height, prominent, constricted at the base, concolorous with thallus, pulverulent disc with exposed inner part, inside brownish, irregular margin, 2 ascospores per ascus, 97.5-100 × 20-30 μm, hyaline, ellipsoid, double-walled, 5.0-7.5 μm, inner wall smooth. Chemistry: Thallus K+ brownish, C−, P−, UV−; medulla K+ brownish, C−, P+ yellow or yellowish orange. TLC: protocetraric acid. Note: P. composita presented 2 ascospores per ascus unlike other species that contain one ascospore per ascus. This species is similar to P. subcomposita, which also has thick thallus (up to 1.2 mm) and contains thamnolic acid. Pertusaria flavicans Lamy, Bull. Soc. Bot. Fr. 25: 427 (1878). Morphology: Thallus determinate or effuse, growing on rock, greenish yellow to yellow, rather thick and rough, up to 1 mm thick; surface slightly rimose to rimose-areolate, areoles irregular, flat to slightly verrucose, up to 1 mm diam., farinose soredia on the thallus, flattened-hemispherical, whitish-yellow, aggregated, rarely solitary, 0.2-1.1 mm diameter, rarely definite margin, gray. Apothecia not seen, unknown. Chemistry: Thallus K−, C+ orange, P−, KC+ orange, UV+ orange; medulla P−; soredia K−, P+ orange. TLC: thiophaninic acid, norstictic acid. Note: The species has been reported from the British Isles, Europe, and Asia [37] . It usually grows on siliceous rock and is commonly observed in coastal rocks. This species produces a yellowish soredia and yellow thallus. Note: This species is characterized by the protruding verrucae with minute ostioles, large verrucae size (up to 3.5 mm) and waxy thallus. This species is distributed at high altitudes in the Korean Mountains (Fig. 1H) . Eighteen species of P. laeviganda (18 out of 21) occurred at elevations higher than 700 m. According to Moon [21] , this species appears over 1,000 m on Mt. Sorak and at elevations higher than 900 m in Jeju-do [22] . Pertusaria leucosora Nyl., Flora, Regensburg 60: 223 (1877). Morphology: Thallus definite, developed on rock, 0.5 mm thick; surface pale to dark gray, continuous, rimose-areolate, irregular, areole 0.1-1.0 mm wide, papillate and soralia, thallus margin blackish. Sterile, sorediate, erumpent on the thallus, soredia 0.1-0.2 mm diam. wide, abundant, conspicuous, globose to irregular, crowded soredia spreading over the entire thallus. Chemistry: Thallus and medulla K+ brownish, C−, P+ orange-red; UV−; soralia KC−. TLC: protocetraric acid, furmarprotocetraric acid. Note: This species is difficult to distinguish from the other sterile species. This species is morphologically similar to P. subfallens, but differs by the absence of fertile verrucae and contains protocetraric acid. Variolaria multipuncta Turner, Trans. Linn. Soc. Lond. 9: 137 (1806). Morphology: Thallus definite, thin to thick; surface smooth, cracked, somewhat shiny, greenish gray. Apothecia disciform, soredia on the tip of verrucae, erumpent, white, farinose, 0.1-0.5 mm diam. wide, with a wide blackish disc and irregular margin. Ascospore one per ascus, colorless, ellipsoid, 75-112.5 × 20-27.5 μm, wall thin. Chemistry: All chemical reactions negative, thallus and medulla K−, C−, KC−, P−; UV−. TLC: fatty acid. Note: This species is most common and widely distributed in Korea (Fig. 1A) . This species is very closely related to Pertusaria ophthalmiza (Nyl.). Both species have the same chemical reaction profile. Pertusaria ophthalmiza also has a negative chemical reaction on thallus, medulla, and soredia, but contains fatty acid. P. multipuncta is a variable species, which has a different chemical reaction depending on the country: P. multipuncta of Japan [35] , Korea [22] , and India [40] have no chemical reaction in thallus, medulla, and soredia, while P. multipuncta of China [36] and England [37] Pertusaria pertusa (L.) Tuck., Enum. N. Am. Lich.: 56 (1845). Morphology: Thallus thick; surface warted in the center, rest of the parts flat and smooth, slightly cracked, greenish gray, thallus margin definite, conspicuous, pale to whitish. Apothecia poriform, scattered, abundant, convex, irregularly globe to sub-globose, 0.5-1.1 mm thick, 0.3-0.5 mm height, constricted at the base. Ostioles conspicuous, black, round, slightly immersed, 1-5 per ostioles in each verruca. Ascospores 2 per ascus, 117.5-148 × 45.8-52.5 μm, ellipsoid, hyaline, double-walled, inner wall smooth, 5.0-7.5 μm. Chemistry: Thallus K−, C−, P−, UV+ brick red; medulla K+ yellow, C−, P+ orange red. TLC: stictic acid, ± norstictic acid, ± constictic acid. Note: This species is found on the smooth to rough barks of tree, rarely on rock [36] . This species has a typical pertusaroid type of verrucae that are well-developed, irregularly globed with conspicuous black ostioles. This species is widely distributed from Japan [35] to England [37] , but few specimens have been collected in Korea to date. Specimen examined: Korea, Gangwon-do, Mt. Duta, 37 Pertusaria sublaeviganda Vain., Bot. Mag., Tokyo 35: 58 (1921) . Morphology: Thallus definite, thin; surface continuous to somewhat discontinuous, smooth, cracked-areolate, greenish gray, thallus margin inconspicuous. Apothecia poriform, scattered, 1.9-2.5 mm diam., constricted at the base, prominent, convex and irregularly sub-globose. Ostioles inconspicuous, minute, opening in the depressions. Ascospores 8 per ascus, biseriate, 65-90 × 25-33 μm, doublewalled, inner wall smooth. Chemistry: Thallus K−, C−, P−, UV−; medulla K− or K+ brownish, C−, P−. TLC: confluentic acid. Note: According to Oshio [35] , P. sublaeviganda is differentiated from P. laeviganda by the fertile verrucae as apothecia with irregular, uneven, depressed ostioles and spores. P. glauca is also closely related to this species but is distinguished by the 4 ascospores and rough inner wall. Variolaria amara Ach., K. Vetensk Acad. Nya Handl. 30: 163 (1809). Morphology: Thallus definite, corticolous, grayish green to gray; surface smooth, rather shiny, small white dot-like spread onto thallus, prothallus distinct, zonated, lacking isidia. Apothecia disciform, constricted at the base, round, sorediate, white pulverulent disc and irregular margin, becoming erumpent, scattered over the thallus. Ascospores 1 per ascus, colorless, oblong-ellipsoid, 62.5-162.4 × 20-70 μm, thin walled, up to 2.5 μm. Chemistry: Thallus K−, C−, P−, UV−; medulla K−, KC+ violet, C−, P−; soredia KC+ violet. TLC: picrolichenic acid, protocetraric acid (trace). Note: P. amara is hardly confused with other sorediate types of species in Pertusaria. The species has picrolichenic acid and thus has a bitter taste. Above all, the chemistry of soredia and medulla yielding KC+ violet is the most remarkable character of this species. 
